T
HE management of intracranial aneurysm has changed rapidly in the past few years. The trend has been toward direct intracranial attack with occlusion of the aneurysmal sac at its base. Some surgeons sti]l favor carotid ligation or "trapping" procedures in which parent vessels are sacrificed. Others still advocate no surgical treatment at all, on the grounds that the hazards of treatment exceed those of the lesion.
We have evolved certain principles of management based upon current concepts of the pathophysiology of subarachnoid hemorrhage. This paper presents a series of cases in which the patients were treated in accordance with these principles.
Bleeding from intracranial aneurysm usually is brief. 17 The attendant vasospasm 7,1~ 19,20.~2 may be a significant factor in the prevention of further bleeding, but it also seems responsible, in part at least, for the diffuse ischemic damage that most commonly causes death in these patients. 2,s,9 The mechanism of the vasospasm is not clear, but acetylcholine and serotonin have been demonstrated in the spinal fluid of brain-injured subjects, 5,23 and Bohr 4 has shown that the smooth muscle in cerebral vessels contracts in the presence of serotonin concentrations of 10gg./1. Mechanical stimulation also initiates vasospasm. 7,22
Surgical manipulation of these inflamed, spastic vessels may therefore aggravate the pathophysiologic state existing in unresolved subarachnoid hemorrhage.
The case for delayed intervention is based on this concept. There is general agreement that the patient's condition at the time of surgery is the most important factor in judging surgical risk. 11,14-16,18 However, the amount of blood in the spinal fluid, 2 or the length of time from the last hemorrhage to surgery, I~,15 are not, per se, a measure of the patient's condition.
Wc have used the system of grading risk proposed by Botterell et al. 6 based upon an estimate of meningeal irritation and cerebral malfunction. It is assumed that these factors are the best indicators of the state of irritability of the cerebral vessels, and of the severity of the ischemic brain damage.
Grade I consists of patients who are asymptomatic, or who have minimal headache or nuchal rigidity. Grade II implies the presence of moderate amounts of blood in the spinal fluid, moderate headache and nuchal rigidity, but no significant impairment of brain function. Grade III patients are distinctly drowsy or confused, and may have a mild hemiparesis. Grade IV patients are deeply stuporous, may have moderate to severe hemiparesis, early decerebrate reactions, and vegetative disturbances. Grade V implies that the patient is deeply comatose and decerebrate, and appears moribund.
The selection of the optimal time for operation, therefore, depends on the surgeon's estimate of the relative hazards of early intervention versus the risk of repeated hemorrhage. Operation has as its sole purpose the prevention of the next hemorrhage 21 or the evacuation of a large hematoma. Intervention in the face of marked reaction to recent subarachnoid hemorrhage may decrease the patient's over-all chance for survival.
We feel that a Grade I or IX patient should have angiography and craniotomy for definitive repair of the lesion as soon as possible. If the patient is a Grade III or IV risk operation is delayed unless repeated hemorrhage occurs in spite of optimal conservative therapy.
Operative technique has evolved steadily, with the increasing use of adjuncts such as hypothermia, urea, and hyperventilation. Brief, profound hypotension usually has been preferred to the use of temporary clips when the aneurysm ruptures during dissection.
Postoperative angiograms have been clone in almost all cases.
RESULTS
This series (Table 1 ) comprises 119 cases of subarachnoid hemorrhage and/or unruptured aneurysnl. There were 91 aneurysms, 89 of which had ruptured, and ~28 eases of subarachnoid hemorrhage of undetermined cause. The diagnosis was made by autopsy and/or angiography in all but ~2 cases.
During the time of this study, ~5 angiomatous malformations were diagnosed, presenting various symptoms. These cases will not be discussed in this paper.
Among the 91 patients shown to have aneurysms, either by angiography or at autopsy, there were 37 deaths (41 per cent). This formidable mortality is in part ascribable to the nature of our material. Most patients have been referred for neurosurgical evaluation immediately after the onset of Tables ~ and 3 show the graded risk on admission, and the location of the lesions. In this series definitive repair of the aneurysm at craniotomy in cases which were considered Grade I or Grade II risks carried a mortality of about r per cent (Table 6) . Similar low mortality rates have been reported by others, a,la,.s There is every reason to believe that if these patients had been untreated, the mortality from recurrent hemorrhage would have been appreciably higher.1, 16, 21 Ore" principal concern in this analysis has been to determine what can be (tone to reduce the mortality in those patients who do not recover sufficiently to fall into the Grade I and Grade II category, and to account for the nonoperative deaths in patients admitted as Grade I or II risks. We particularly wish to consider the effect of our policy of delayed intervention on the mortality in patients ..................... admitted at the Grade III level.
